and showed an increase in α-arabinofuranosidase activity of over 100-fold compared to 40 the untransformed hosts. 41
INTRODUCTION 43
Bifidobacterium species are among the dominant microbial populations of the 44 gastrointestinal tract (GIT) of humans and other mammals (8, 33), where they are 45 considered to exert many beneficial health effects (for a review see 19) including the 46 establishment of a healthy microbiota in infants, the development of a competent3 immune system, the production of short chain fatty acids, and the inhibition of 48 pathogens (19, 45) . Not surprisingly, bifidobacteria are major components of many 49 commercial probiotic products that have been shown effective in alleviating 50 constipation, reducing the symptoms of lactose intolerance, enhancing immune 51 functions, reducing cholesterol levels, and the suppression of tumorigenesis (19, 29) . 52 Unfortunately, our basic knowledge of the mechanisms by which bifidobacteria 53 interact and communicate with other bacteria and host cells remains poorly understood. 54
Such knowledge is essential for the scientific support of their purported health benefits 55
and their rational inclusion as probiotics in functional foods (19), but the study of these 56 organisms' probiotic properties and their contribution to host health and well-being has 57 been hampered by a lack of molecular tools (50). In addition, the study of the variables 58 affecting the transformation of plasmid DNA in Bifidobacterium species, and the 59 optimization of the transformation process, have only rarely been addressed (3, 36, 37) . were inserted, using genomic DNA from B. longum B667 as a template. The PCR 209 product was purified, digested with SphI and PstI, cloned into pAM1 digested with 210 these two enzymes, and ligated overnight at 12ºC. The ligation mixture was(it proved to be not viable in E. coli TOP10) and verified by the use of restriction 213 enzymes and sequencing. pAM-abfB was then transferred by electroporation into B. 214
Determination of α-L-arabinofuranosidase activity. α-L-arabinofuranosidase 216 activity in the cloning hosts and recombinant cells was determined according to 217
Gueimonde et al. (11) . Briefly, pellets were suspended in 2 ml of potassium phosphate 218 buffer (pH 6.8) and the cells disrupted with a Cell Disruptor (Constant Systems Ltd., 219
Daventry, Northants, UK). Activity was measured in triplicate using independent cell-220 free extracts. 221
222

RESULTS
224
Construction of vectors based on the pBC1 replicon. The pAM1 shuttle vector 225 resulting for the cloning of pBC1 in pUC19E (1) cloned into the pCR®4-TOPO vector. The construct was then digested with the 249 restriction enzyme NotI and treated with the Klenow fragment of the E. coli polymerase 250 I to make blunt ends. After inactivation of Klenow, the plasmid was digested once again 251
with SpeI. The resulting fragment was purified from a gel and ligated to a pAM1 vector 252 subjected to a similar process of digestion with HindIII, treatment with Klenow, and 253 subsequent digestion with XbaI (Fig. 1) (Table 2) . Transformation was found to be strain-dependent 264 rather than species-dependent, as different strains of the same species showed dissimilar 265 transformation frequencies of more than two log 10 units (data not shown). At low 266 frequency, pBM4 was also shown to transform the strain Corynebacterium glutamicum 267 LMG 19741. However, using the same amount of DNA, transformant colonies of 268 several lactic acid bacteria strains of our laboratory collection, belonging to Lactococcus 269 lactis, Lactobacillus casei and Enterococcus durans species, were never recovered 270 (Table 2) Based on these data, more than 96% and 98% of the colonies retained the pAM2 and 292 pAM4 constructs respectively. Similar stability frequency for these two constructs was 293 observed in B. longum L25 and B. animalis LMG 10508 (data not shown). 294
Analysis of the intracellular presence of pBC1 ssDNA. Comparisons of pBC1 295 translated and untranslated sequences with those in databases suggests that pBC1 might 296 replicate by a theta type mechanism, although elements of both the theta and rolling 297 circle (RC) type mechanisms have been reported in pBC1 (1) . To gain further insight 298 into its mode of replication, and on the involvement of the RNA polymerase in this 299 process, the whole pBC1 plasmid and its derivatives pBC1.5 (lacking the putative 300 promoter region of a copG-like gene) and pBC1.2 (lacking both copG-like and orfX-like 301 genes; 1) were analyzed by hybridization using an internal segment of repB from pBC1 302 pseudocatenulatum and E. coli and its expression assessed. The abfB gene from this 313 strain and its regulatory sequences were amplified from purified total DNA of B. 314 longum B667 using two primers with added SphI and PstI sites (Table 1 ). This allowed 315 directional cloning in pAM1 digested with these two enzymes (Fig. 3) . The construct, 316 pAM-abfB, was obtained in E. coli DH11S and was subjected to restriction enzyme 317 analysis and sequencing before its electrotransformation into B. pseudocatenulatum 318 M115. These two strains might have equivalent genes to abfB, but they show negligible 319 expression in the absence of plasmid (< 0.12 specific activity units [SAU; min -1 µg 320 protein -1 ]). In contrast, in the E. coli and B. pseudocatenulatum clones harboring the 321 abfB gene of B. longum B667, the α-arabinofuranosidase activity ranged from 9.45 to 322 16.15 SAUs (average 12.95), an increase of more than 100-fold. Moreover, no 323 segregant lost this activity after a week of daily transferring the B. pseudocatenulatum 324 strain in non-selective conditions. Indeed, all 24 colonies examined by plasmid analysis 325 retained the pAM-abfB construct, thus considering it was therefore stable in this host. and Gram-negative bacteria (E. coli), a prerequisite for the future development of food 374 grade vectors. These, apart from the absence of antibiotic resistance genes, should 375 preferably not replicate in bacteria from the same ecosystem in order of not to spread 376 the (beneficial) properties, which might provide selective advantages to competitors (6). 377
The fact that pAM4 could replicate in C. glutamicum is not surprising, as this bacterium 378 belongs as the bifidobacteria to the phylum Actinobacteria, thus being phylogenetically 379 The mode of replication is another key factor in a vector, as it affects the structural 393 stability, the host range, and the size of the DNA fragments that can successfully be 394 cloned. In general, vectors that follow a theta type replication mechanism are preferred 395 over those replicating by the RC mode; they are usually more stable, accept larger DNA 396 fragments and have a narrower host range (7, 16). As mentioned, sequence comparisons 397 and phylogenetic analyses have indicated that pBC1 might replicate via a theta-type 398 mechanism. Based on sequence similarities, this mode of replication has only been 399 suggested for the bifidobacterial plasmids pMB1 (35) and pDOJH10S (21) 
